technique offers the additional advantage that the fate of the fused membrane between the neutrophil and parasite can be followed after the cell is disrupted. This is particularly important because the fusions may be a mechanism by which the schistosomula acquire host membrane components on their surface (4, 9, 16) .
MATERIALS AND METHODS
The detailed methodology for the maintenance of the schistosome life cycle and the preparation of schistosomula. leukocytes, and human and guinea pig sera have been given (2) .
Sucrose Stress Experiments
Cells and schistosomula, after incubation as previously described (2) to allow adherence, were centrifuged and the supernate was removed . The pellet was THE JOURNAL of Cut. BIOLOGY-VOLUME 86 JULY 1980 64-76 ©The Rockefeller University Press " 0021-9525/80/07/0064/13 $1 .00 resuspended in I ml of Eagle's minimal essential medium (MEM ; Grand Island Biological Co., Grand Island, N . Y .), containing 0.25, 0 .37, or 0 .5 M sucrose.
Resuspension took 10 s, and the mixture was allowed to stand for I min at room temperature, after which it was fixed as previously described (2) , and processed for transmission electron microscopy (Table 1) .   TABLE I Number of Experiments NP, nonpurified buffy coat cells ; Ab, antischistosomal antibody preincubation ; C, complement preincubation ; Eo, purified eosinophils; N, purified neutrophils . * In each experiment the incubation mixture was mixed with 0 .25, 0 .37, and 0 .5 M sucrose 1 min before fixation . $ Each experiment consisted of a zero time sample and three other time points (see Table II for the times sampled in the six freeze-fracture experiments) . 
Mechanical Stress Experiments
Cells, either purified neutrophils or unpurifted huffy coat cells, were allowed to adhere to schistosomula preincubated with antibody and complement for 60-90 min at 37°C (2). Cells were removed by washing. Cells and schistosomula were resuspended by two aspirations into a Pasteur pipette and allowed to sediment at I g. This procedure was repeated three times in fresh changes of medium . The beginning of washing was arbitrarily chosen to be halfway through the washing procedure, which lasted -15 min . This procedure led to a reduction in the number of cells that were free in the medium and that were attached to schistosomula (Table 11) . Adherence was scored by light microscopy on at least 100 organisms in each of two or three aliquots by transferring the aliquots to slides that had been coated with 0.1% toluidine blue in methyl alcohol . The preparations were covered and examined at X 100. The adherence of cells to living schistosomula, which were defined by their ability both to move and to exclude toluidine blue, was scored by recording the percent of organisms in each preparation that bore 5 or more, 10 or more, or 20 or more adherent cells (Table   II ). The remainder of the sample was processed for microscopy .
Microscopy
Schistosomula were prepared for freeze-fracture transmission and scanning electron microscopy as previously described (2) .
RESULTS

Mechanical Stress Experiments-Light
Microscope Observations
Light microscope estimates of adherence, both before and after washing, were carried out in six experiments (Table II) . There was a marked reduction in the numbers of cells bound to schistosomula, as reflected by a progressive reduction in the percent of schistosomula bearing a given number of adherent leukocytes . Comparable decreases in the numbers of bound cells were observed with mixed leukocyte preparations and with purified neutrophils . In the former case, no attempt was made to distinguish between eosinophils and neutrophils . The reaction was extremely heterogeneous in that, although a marked reduction in the number of adhering cells could be demonstrated as early as 8 min after the beginning of the washing procedure, many organisms still bore some adherent cells 180 min later . 
Low-power transmission micrograph of a neutrophil adhering to the surface of a schistosomulum (S) 10 min after mechanical stress . Note that the cell is disrupted and extracted. Bar, 1 Am . x 16,000 . FIGURE 3 High-power transmission micrograph on a neutrophil adhering to the surface of a schistosomulum (S) 10 min after mechanical stress . Note that the tegumental membrane is pentalaminar (arrowheads) . Bar, 0.1 Am . x 97,000.
FIGURE 4 Remnant of a cell membrane adhering to the surface of a schistosomulum (S) 30 min after mechanical stress . Note that the cell membrane appears to insert into the tegumental membrane (large arrowhead) and that the tegumental membrane is pentalaminar (small arrowheads). Bar, 0.1 gym . x 105,000.
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TIIE JOURNAL OF CELL BIOLOGY " VOLUME 56, 1980 FIGURE 5 Transmission micrograph of neutrophil and schistosomulum (S) 10 min after mechanical stress . Note that the parasite is covered by both a trilaminar (1) and a pentalaminar (2) membrane . Electron-dense material is attached to the pentalaminar membrane . The outer membrane appears to be broken at the point where the tegumental membrane becomes trilaminar (arrow). Bar, 0.1 ,um. X 107,000 .
FIGURE 6 High-power micrograph of a membrane fragment attached to the surface of a schistosomulum taken immediately after mechanical stress . The trilaminar fragment inserts into the outer membrane like an inverted T. Note the continuity of the outermost leaflet of the outer membrane with the outer leaflets of the fragment and the continuity of the lucent layers of the two membranes. Note also that the tegumental membrane adjacent to the fragment, in areas where it is cut in normal section, is pentalaminar. Bar, 0.1 gym. X 147,000.
FIGURE 7
Remnants of an eosinophil adhering to a schistosomulum immediately after mechanical stress . Note that the plasma membrane (p) is adhering to the electron-dense material (d), which is in turn attached to the pentalaminar tegumental membrane (arrows) of the schistosomulum (S) . Bar, 0.1 Am . X 98,000.
Mechanical Stress ExperimentsUltrastructural Observations
In general, cells attached to the parasite throughout the entire time-course of the experiment (3 h) can either appear as they do in the normal unstressed experiments (2), or they may be broken . Most broken cells that are seen are observed immediately after the washing. By scanning electron microscopy, the plasma membrane is disrupted, usually near the point where it attaches to the parasite surface, and granules are seen without any covering of plasma membrane (Fig . 1) . By thinsection microscopy at low power, fragmented neutrophils composed of a few cytoplasmic organelles and pieces of membrane are seen adhering to the surface of the parasite (Fig . 2) . At high power, the tegumental membrane underlying the broken neutrophils is most often seen to be pentalaminar (Figs. 3 and 4) . However, occasionally the outer membrane appears disrupted, and only the inner membrane covers the tegument (Fig . 5) . At the edge of the broken cell, trilaminar membrane fragments 0.25-1 Am in length are seen inserting into the outer membrane in an inverted T shape (Fig . 6) . The outer leaflets of the trilaminar membrane fragment are continuous with the outermost leaflet of the outer membrane of the schistosomulum, and the lucent layers of the fragment and the outer membrane are also continuous (Fig . 6 ) . Eosinophils are also disrupted by this procedure, but their plasma membranes are attached to the tegument through a layer of electron-dense material (Fig. 7) .
By freeze-fracture, normal attachment areas, such as have been described previously (2) , and modified attachment areas, as described below, were found at all times after washing that CAULFIELD ET AE .
Detachment of Cells from Schistosomula FIGURE 8 Schistosomular surface 2 h after mechanical stress . At the upper right, membrane faces typical of neutrophil granules (g) can be seen . Note that no cross-fracture typical of a plasma membrane is seen around the granules or extending from the edge of the schistosomulum where the E, ridge meets the ice (I). However, a few filaments (small arrowhead) are seen in the ice on the granule side of the E, ridge, whereas the other side of the ridge has no such material . At the bottom of the picture is an attachment area with IMP-rich ( pr) and IMP-poor ( pp) areas. The attachment area is modified in that there are linear step fractures into the E, membrane around what appears to be an IMP-rich area (large arrowhead) . s, spine. p, pits . Bar, 0.1 jm . x 44,000 .
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were examined (8 min to 3 h) . However, the modified areas are more often seen at early time points (8-30 min) . At low power, fractures which pass from the modified attachment areas across the edge of the schistosomulum and onto the surrounding ice do not usually pass into a cell, unlike such fractures associated with normal attachment areas (2) . Occasionally, neutrophil granules can be seen in the ice next to the attachment area, but these granules do not live a cross-fractured plasma membrane around them (Fig . 8) . The attachment areas under such cells resemble those seen where intact cells are attached except that some of the intramembrane particle (IMP)-rich areas are surrounded by a zone of skip fracture into the inner membrane (Fig. 8) .
The major alterations seen in the modified attachment areas occur in the edge zones, which are either true edge zones at the border of the cell or are possibly derived from edge zones formed around IMP-rich areas (Figs . 9-12 ) . There are three major changes. First, the edge zones are most often composed of strings of IMPs in the P-face view and a linear depression in the E-face view, although areas of step-fracture into the inner membrane are still seen (Figs. 9-12 ) . Second, in many areas, the edge zones are longer than those seen in the normal (Figs. 10-12) . Third, these edge zones may be continuous, in which case they separate areas of differing IMP concentration from one another (Fig. 10 ), or they may be discontinuous . If the discontinuities in the edge zone are small (<50 nm) and infrequent, the concentration of IMPS on either side of the edge zone is different (Figs . 9 and 11 ) . On the other hand, if the discontinuities are large and numerous, the IMP concentration is the same on both sides of the edge zone (Figs .  11 and 12) .
A second set of alterations is seen in the IMP-rich areas (Figs . 13 and 14) . The fracture plane no longer passes smoothly through these areas . The membrane faces are rough, and small dimples or craters appear (Fig. 13) . In other images, the IMPS are aggregated with a ring of craters around them (Fig. 14) . As a consequence of this aggregation, the IMP-rich areas appear smaller (Fig . 14) . Finally, plaques of densely packed IMPS can be seen in slightly depressed areas of the outer membrane (Fig .  14, inset) . These plaques often have linear arrays of IMPs at their edges (Fig . 14) .
Finally, there are occasional broad areas, 3-4 t m in diameter, FIGURE 9 Schistosomular surface 2 h after mechanical stress, E-face view . An attachment area ( pp) is seen at the bottom of the picture and projects along the left side and in the center into a normal P2 face . The edge zone is composed of step-fractures into P, and, in a few places, of a string of IMPS (arrows) . In other areas the edge zone is discontinuous (arrowheads), and the membrane faces of the fusion area and the outer membrane are continuous . Bar, 1 gym . x 35,000 .
CAULFIELD FT AE .
Detachment of Cells from Schistosomula 69 FIGURE 10 Schistosomular surface 3 h after mechanical stress, P-face view . Note that the edge zones (arrowheads) are composed of a single string of IMPs . They separate fused membrane (pp) from the outer membrane ( PZ). p, pits . s, spine. Bar, 1 gm . x 23,000 . of fractures into the inner membrane (Fig. 15) . They often contain circular step-fractures into the outer membrane (Fig.  15 ) .
Sucrose Stress Experiments
At 0.25, 0 .37, and 0 .50 M sucrose, neutrophils are shrunken and pulled away from the parasite surface, except in areas where they are tightly attached (Fig. 16) . High-power examination of these areas shows that a pentalaminar membrane is present between the cell and the parasite (Figs . 17 and 18) . Heptalaminar fusions are not seen between cells and the parasite in preparations treated with these concentrations of sucrose . In the area where the cell is lifted off, the tegument is covered by a pentalaminar membrane in preparations incu-7 0 THE JOURNAL of CELL BIOLOGY-VOLUME 86, 1980 bated in 0.25 M sucrose (Fig . 17) , and by either a pentalaminar or a trilaminar membrane in preparations incubated in 0.37 or 0 .50 M sucrose (Fig . 18) . At the edge of the cell, the plasma membrane of the neutrophil inserts into the outer tegumental membrane in an inverted T (Fig. 16, inset) , as do the membrane fragments seen in the mechanically stressed preparations (Fig.  6 ) . Eosinophils are also shrunken by the sucrose and adhere to the tegument through a layer of electron-dense material similar to that seen in the mechanically stressed preparations (Fig. 7) .
DISCUSSION
These experiments show that the membrane formed by the fusion of the neutrophil plasma membrane and the schistosomular outer membrane serves to attach the cell to the parasite because the fused pentalaminar membrane is the only structure that connects the cell to the parasite in the presence of hypertonic sucrose . Further evidence for the strength of the fused membrane is provided by experiments in which the cell that contributes to the membrane is broken or pulled away by pipetting. Under such mechanical stress, the fused membrane most often remains with the parasite and is seen as a pentalaminar membrane in thin section or as a modified attachment complex in freeze-fracture . In some cases, however, the fused FIGURE 11 Schistosomular surface 45 min after mechanical stress, P-face view. There is an extensive edge zone formed both by step-fractures into P, and by linear arrays of IMPs (large arrowheads) . Note that the edge zone is broken in several places (*) and that the membrane faces on either side of the zone are continuous . In the upper left hand corner, there is a small membrane face (**) with a higher IMP density than the Pz face . This face is surrounded by a trench of P, face, which is bridged by membrane in several places (small arrowheads) . Bar, 1 ILm . x 45,000 .
CAULFIELD ET AL .
Detachment of Cells from Schistosomula 7 1 FIGURE 12 Schistosomular surface 2 h after mechanical stress, E-face view. Note the edge zone composed of fragments of E, and linear depressions in the EZ face (arrowheads) . These depressions have IMPS associated with them in some areas. Note that the zone is broken in the middle of the picture (*) and that the membrane faces on either side of the zone are continuous and appear similar . p, pits . Bar, 1 ym . x 58,000.
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THE JOURNAL Or CELL BIOLOGY -VOLUME 86, 1980 FIGURE 13 Schistosomular surface 3 h after mechanical stress, E-face view . Note that the IMP-rich ( pr) areas appear depressed and that the fracture face is rough, unlike the surrounding E2 membrane . Note also the scalloping of the edges of these areas formed by small craters or dimples (arrows) . Several linear fragments of E, face, which resemble edge zones, are also seen . s, spine. Bar, 1 pm . x 45,000 . membrane may be pulled off with the cell, leaving the tegument covered only by a trilaminar membrane, as seen in thin section. In freeze-fracture, these areas are seen as extensive fractures into the inner membrane . Such a separation of the fused membrane from the inner parasite membrane can also be seen in the specimens incubated in 0.37 and 0.50 M sucrose but not in those incubated in 0.25 M sucrose . In all of these experiments, the fused membrane appears stable and strong enough to maintain its identity against forces which deform or destroy the cell from which it is derived .
These experiments also show that the edge zone separating the fused membrane from the normal outer membrane is analogous to an occluding junction in an epithelium . Structurally, the edge zone may be seen in freeze-fracture as a stepfracture into the inner membrane or as a string of IMPs in the P2 face and as a linear depression or groove on the E 2 face . The linear array of IMPs is similar to that seen in low-resistance occluding junctions found in the proximal tubule and other epithelia (3, 5, 6, 17) . On the other hand, the thin-section appearances of the edge zone and occluding junctions are dissimilar in that the edge zone appears as an inverted T in which the cell membrane inserts into the parasite outer membrane, whereas an occluding junction is composed of two membranes running side by side that are fused over a variable distance (5, 6, 17) . However, there is structural similarity in that the central lucent layers are in contact in both types of junction (6, 17) . In addition to structural similarity, there is functional similarity between the edge zone and occluding, junctions in that both separate membranes that are different from one another. The edge zone separates the fused membrane from both the unfused neutrophil membrane and the normal outer membrane (2) . Occluding junctions separate apical from basolateral plasma membranes in epithelia (3, 5, 6, 12, 13, 17) . Furthermore, when the occluding junctions are disrupted, the membranes on either side of the junctions become continuous and mixing can occur (12, 13, 17) . Similarly, when the edge zone is disrupted, the membrane faces on either side are continuous, and the IMP concentration is similar. This observation strongly suggests that the edge zone, as does the occluding junction, serves as a barrier to diffusion in the plane of the membrane.
The equilibration of the membrane faces on either side of the broken edge zone also implies that the outer membrane is fluid . This interpretation is in agreement with measurements made on the clearance from the surface of schistosomula of a variety of exogenous labels, namely, concanavalin A, C3, which had been activated by the alternative pathway, and antischistosomal antibody (14, 15) . All three labels are cleared with a half-time of 4 .5-5 h and follow the kinetics of an exponential decay curve (14, 15) , which suggests that the membrane is CAULFIELD ET AE .
Detachment of Cells from Schistosomula FIGURE 14 Schistosomular surfaces 3 h after mechanical stress, E-face view . Note the dense aggregations of (pr) of IMPs in the E2 face, which in some cases are surrounded by depressions or craters (arrows) . These aggregated IMPs appear slightly depressed from the plane of the E2 face . In some places, the craters appear to be unrelated to the IMPS (arrowhead) . Inset shows aggregates of IMPs in the E2 membrane face. Note the linear array of some of the IMPS (arrow) . Bar, 1 Am . X 58,000 . (inset) Bar, 0 .1 Jim . X 65,000 . FIGURE 15 Schistosomular surface 90 min after mechanical stress, E-face view . Note the extensive area of fracture revealing the E, face . The E 2 face is seen as small circular step-fractures beneath the E, face . Bar, 1 Am . X 36,000 . FIGURE 16 Neutrophil (N) adhering to the surface of a schistosomulum (S) 1 min after incubation in 0.25 M sucrose. Note that the cell is shrunken and pulled away from the parasite surface, except in areas where it is tightly attached (arrows) . Inset shows a neutrophil plasma membrane inserting into the outer tegumental membrane (arrow) . Bar, 1 Am . x 23,000 . (inset) Bar, 0 .1 lam . x 200,000. FIGURE 17 High-power view of the area in the rectangle in Fig. 16 . Note that a pentalaminar membrane covers the tegument both where the cell (N) is attached and where it is pulled away (arrow) . Bar, 0 .1 lam . x 136,000. A much more tentative conclusion of these experiments is that the schistosomular outer membrane may acquire molecules from the neutrophil plasma membrane via the fused membrane . It has been known for some time that schistosomula can acquire host membrane components on their surface. In particular, when cultured with human erythrocytes, schistosomula can be stained indirectly with antisera against the ABH group glycolipid of the cells with which they were cultured but not with antisera against the MN group (9), which is found on glycophorin (7) . When grown in vivo in mice, they can also be stained by indirect immunofluorescence for H-2 antigens, which are integral membrane proteins (16) . If such parasites are transplanted into mice of a different haplotype, then they will lose the original haplotype and acquire the new one (16) . Additional evidence for the acquisition of host membrane components comes from experiments in which the IMP concentrations of the outer membrane of schistosomula grown in vitro and in vivo were compared (l0) . It has been found that the IMP concentration of the E2 face increased from 314 to 1,104 1MPs/pmz in parasites grown in vivo but decreased to 38 IMPS/lim l in parasites grown in vitro (10) . These observations taken together with the present ones, which show that the neutrophil plasma membrane can fuse with the schistosomular outer membrane and that this fused membrane appears to mix with the outer membrane when the cell is disrupted, suggest that the parasite may acquire host membrane molecules through these fusions. This conclusion is not proven by these experiments . We have not shown the insertion of a properly oriented, intact neutrophil membrane component into the parasite membrane as a result of the fusion. However, the experiments do provide a hypothesis for further experimentation .
These experiments also suggest that eosinophils adhere to the surface of the schistosomulum through the electron-dense material that has been discharged from the granules (1, 2) . The plasma membrane can be seen adhering to this layer after the rest of the cell has been torn off, suggesting that the cell has created a sequestered space between itself and the larva. In such a space, the cell may be able to maintain conditions, particularly low pH and high protein concentration, that would allow the lysosomal constituents to damage the parasite .
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